US education policy encourages the use of computers and the Internet at both the college level and the K-12 level. As a consequence, students have had better access to technologies to illicitly share copyrighted music and divert sales from the traditional music store retail channel. 
and Ward (2007) finds statistically significant but small improvements in college preparedness and standardized test scores with six years of E-Rate experience in Texas. Agrawal and Goldfarb (2006) find that Internet adoption at universities may have led to changes in research productivity, especially at lower tier schools.
In contrast, researchers have found that education is one of the determinants of how the Internet is used. Kiiski and Pohjola (2002) suggest that education may be a factor in determining differences in International adoption levels of the Internet. Goldfarb and Prince (2006) find that higher income Americans are more likely to adopt the Internet, but lower income Americans spend more time online. More closely related to the current paper, Goldfarb (2006) finds that students who attended US universities when the Internet was first diffusing to college campuses were more likely to use the Internet later in life.
A growing literature has emerged studying the effect of the Internet on the music industry. Much of this literature discusses the effects of copyright violations and is the result of the Napster legal case. Oberholzer and Strumpf (2007) found no reduction in sales due to Internet related file-sharing. Other studies find evidence consistent with file sharing via the Internet contributing to a decline in music sales. Liebowitz (2003) concluded that other proffered reasons cannot account for the drop in music sales. Zentner (2006) estimates that higher speed Internet access reduces the probability of buying music by an average of 30%. Rob and Waldfogel (2006) find evidence that each album download reduces music purchases by at least 0.2 albums. Bhattacharjee et al. (2005) study the impact of file sharing on albums survival on ranking charts. Hui and Png (2003) conclude that commercial piracy may also cause a decline in music sales in international comparisons. Zentner (2005) finds that countries with higher Internet and broadband penetration have suffered higher drops in music sales, and also finds some evidence that file sharing may induce a larger reduction in sales of types of music that are being shared more heavily. Peitz and Waelbroeck (2004) use country-level information and present some evidence that online piracy may explain a reduction in sales. Liebowitz (2005) concludes that file sharing induces a decline on sales of a magnitude that is at least of the size of the observed decline. Blackburn (2004) finds that illegal downloads may explain an important reduction in sales. Michel (2004) and Hong (2004) exploit repeated cross sections from the Consumer Expenditure Survey and find that file sharing may cause a reduction in sales of 5% to 7.6%. Bhattacharjee et al. (2006) analyze the effect of the legal actions against individuals on the availability of music files on file sharing networks. Krueger (2005) finds that copying may erode the complementarities between album sales and concert tickets, which might have caused the observed large increase in the price of concert tickets. Mortimer and Sorensen (2005) find that file sharing may have reduced profits from CD sales but increased the profitability of live performances.
While this study's findings are also consistent with the diversion of music sales due to Internet file-sharing, this is not its focus. Instead, I examine the role of education in abetting this illicit file-sharing by examining its effect on the diverted retail channel. Illicit file sharing is likely to increase when more teenagers and young adults are exposed to the Internet, and have more intensive exposure, than would otherwise. For many music consumers, this exposure occurs at their high school or college. Their demand for the substitute retail channel, recordings purchased from a music store, are likely to fall. With a decrease in the demand for purchased recordings, fewer music stores are likely to be viable in any geographic market. I show that greater Internet access in education at both the high school and the college levels significantly decreases the number of music stores.
The measure of the effect of IT in education on music stores differs for K-12 schools and post-high school colleges. For primary and secondary education, I use data from the E-Rate program that provides $2.25 billion per year in subsidies for Internet connections to school districts and libraries. More funds for Internet connections in schools and libraries in a county are associated with a decline in music stores. A direct measure of Internet expenditures or use in colleges is not available. Instead, I find that the number of music stores in a county declined faster where the college enrollment is higher, even after controlling for the county's population of young adults. This is consistent with colleges contributing to the decline in offline music stores.
II. Economic Model
Changes in music downloading volume from online sources are inferred from changes in the number of music stores serving the offline market. Changes in the number of music stores is an imperfect measure of diversion toward online acquisition. First, music can be obtained offline through other means besides stores catering specifically to music sales. A non-negligible portion of music CDs are obtained through book stores, discount stores and mail order. It is not clear if these other outlets would face a smaller or larger reduction in sales relative to stand alone music stores. There has been a secular decline in the fraction of music purchased offline at traditional music stores over my sample period (RIAA 2005a) . Second, a consumer is likely obtain more music online than he would have offline. Substitution toward the online channel occurs because the total costs, price plus transactions costs, are lower through this channel. For illicit downloading, the pecuniary cost was typically zero. college will typically relocate to, and purchase their music in, a college town. Consequently, college towns have supported substantially more music stores than areas without colleges. If these students were more likely to download music than the rest of the population, their demand for offline music will decline faster than non-students, causing the equilibrium number of music stores in college towns to fall faster than in other areas.
Let the per person demand for music be given by;
ii where P is price, I represents the consumer's income and X may be other demand shifters.
While demand is subscripted for each individual, the empirical analysis aggregates individuals into geographic markets. Within these markets, I exploit differences between those aged 15-25, labeled the "young," who represent the demographic group with the highest average consumption level. For purposes of this study, the "young" differ from the "old" in that, they are thought to
consume more music, they are thought to have been responsible for a disproportionate share of music file-sharing, and they have been subject to IT interventions in their education that may have facilitated even more file-sharing.
The analysis will not directly consider price and income effects or the determinants of overall music demand. Instead, we will concentrate on the distribution channel from which this music demand is satisfied. In particular, we consider the probability that any item of music will be downloaded as:
where TC reflects transactions costs of obtaining music over the Internet and P is the price of the item purchased legitimately. Downloading and purchasing can be considered substitute channels with TC and P reflecting the prices for each channel. We assume the demand for the download channel is decreasing in downloading transactions costs and increasing in the legitimate purchase
price. For what follows, we focus on the transactions costs of downloading.
Transactions costs of downloading and using digital music are modeled as:
E-Rate subsidies provide high speed Internet access to poorer high school students that tends to lower the cost of downloading music files. The availability music online and the ease of obtaining it is assumed to have increased over time. Likewise, because colleges have tended to provide high speed Internet access before most other institutions, students attending college are assumed to have lower downloading transactions costs especially over time as the high speed
access combines with general increase in ease of use and availability of music on the Internet.
Combining equations (1), (2) and (3) and distinguishing between the young and the old in overall music demand yields the demand for downloaded music as:
While both the young and the old face the same function, f(.), the old are assumed to not be exposed to the E-Rate or college, at least not directly.
We develop our E-Rate funding related test by differentiating (4) with respect to E-Rate:
ERate E-Rate subsidies are hypothesized to reduce downloading transactions costs, TC < 0, which in turn leads to increased downloading since transactions costs are assumed to reduce TC downloading, f < 0. Combined, this implies that, if the hypothesized effect were true, increased E-Rate subsidies would be lead to more music downloading. The test for this is that increased E-Rate funding will result in fewer music stores.
The second hypothesis is that falling transactions costs of downloading over time have led to increased downloading, especially for the young. In general, then, we have the effect of time on the quantity downloaded to be: TC Again, increased transactions costs decrease the probability of a music download, f < 0, but, time over time, these transactions costs have fallen, TC < 0. If this were true, we would expect more downloading to occur over time and the number of music stores serving a population to
decline.
To address the specific effect of a larger fraction of young people we divide equation (4) by total population to get:
Y where q is the average propensity to download and Frc is the fraction of the population that is D Y young. Differentiating (7) with respect to Frc yields, which is positive if the young consume more music and have lower transactions costs than the old. The more definitive test of young people being a major source of music downloading is to examine the second derivative:
which is positive if, over time, the transactions costs fall more for young people or if they fall at the same rate but the young tend to download more (equation (8) Much of the variation in the fraction in the young population across areas is due to the
presence of a college campus. However, a finding that, over time, areas with more young people had sharper declines in the number of music stores could have been due to the aggregation of higher demand young people and not due to lower transactions costs related to the college. To test for a college effect, we differentiate equation (7) above with respect to time and college enrollment while holding the young population constant, For a given youth population, the larger the fraction attending college in an area the larger the time, college propensity to download music over time, if TC < 0. If so, young people in college towns would download even more over time than young people in areas without colleges. The test of this hypothesis is that, all else equal, the marginal effect of a college town will lead to faster reductions in music stores.
III. Econometric Model
The above considerations suggest that the number of viable music stores in an area is a function of over all demand, E-Rate funding and interactions of college, the size of the young population and time. The basic regression equation estimated below is given by:
To control for factors not related to the hypotheses under investigation, the logarithm of the number of music stores in a county and a year are related to fixed county and year effects, the
log of the population, the fraction of the population aged 15-24, labeled Youth, and a time trend interaction with this fraction. County fixed effects are meant to capture idiosyncratic differences in the availability of substitute entertainment goods and services as well as differences in income.
Year fixed effects will tend to capture the secular decline in the number of music stores.
Traditionally, this "youth" population range has been the target audience for most music sales suggesting that more stores will be demanded when this fraction is higher. However, if this fraction is mostly time invariant, the county dummy variable will likely capture increased demand in an area due to more youth. This "youth" population is also thought to have been at the vanguard of illicit file-sharing. While the number of music stores likely declined due to increased file-sharing over time, if these youths tend to share files disproportionately more often The variables of interest for increased downloading related to colleges and universities are those involving the fraction of the county's population enrolled in college, the College and College x time variables. College's tend to both have high music demand consumers, the "youths," and provide higher speed Internet access to these youths than they would otherwise enjoy. While the Youth x time measures the effect of the former, the College x time interaction is meant to measure the effect of the latter. It is clear that illicit file-sharing increased over the sample period and it may be true that areas with many youth's experienced even more filesharing. But controlling for these effects, we wish to uncover whether areas with larger relative colleges and universities populations experienced even greater illicit file-sharing as indicated by 4 a greater decline in the number of music stores. A negative coefficient estimate for f would be consistent to colleges contributing to illicit file-sharing.
The tests of educational instructions' policies leading to a decrease in the number of music stores should be free of endogeneity concerns. A common problem that studies of downloading behaviors must overcome is finding exogenous variation in Internet access or Internet traffic to relate to music downloading. That is, the desire to share music files may be driving consumers to obtain Internet access and use the Internet more extensively. In this case, it is unlikely that school districts sought E-Rate subsidies and colleges invested in digital infrastructure so that their students could download music files.
IV. Data Description
The hypotheses described above are tested using a panel of data comprising the counties of the US for the years 1994-2004. Finally, college enrollment data were collected from the US Department of Education's Integrated Postsecondary Education Data System (IPEDS). Each source is described in turn.
County Business Patterns (CBP) data are annual data for each county in the US and include establishment, employment and payroll information for various industry classifications.
Until 1997, industries were classified based on the Standard Industrial Classification (SIC)
System and from 1998 based on the North American Industry Classification System (NAICS).
While industry definitions often differ between the two, for our purposes, the definition of what is generally considered a music store did not change. The NAICS code 45122 is described as "Prerecorded tape, compact disc, and record stores" which completely bridges to the SIC code 14 variables, the funding commitment for each public school district in the US since the program began in 1998. Not all districts receive E-Rate subsidies and those that do receive funds in varying amounts mainly because subsidy rates are tied to the number of low income students in schools being served. Districts were matched to counties based on the zip code of the district offices. The analysis below uses the per capita amounts and, as with Goolsbee and Guryan (2006) and Ward (2007), includes lag values of E-Rate funding to capture the possibility of learning to download in previous years.
The college related hypothesis discussed above is that the traditional college experience leads to more music downloading. This could be because students have access to high speed networks and to technically sophisticated classmates. To test this, I collected enrollment from the US Department of Education's Integrated Postsecondary Education Data System (IPEDS).
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From the universe of all schools, I selected the nearly 2,300 baccalaureate degree granting institutions. Excluded were nearly 4,000 community colleges and trade schools because they tend to cater to non-residential and part-time students who do not have a similar exposure to high speed Internet service on campus. The schools included in the sample had total enrollments totaling 9.0 million in 1992 and 10.7 million students in 2004. The school's city was mapped into its county and the enrollments of multiple schools in a county were aggregated to a county total. Out of more than 3,200 counties, about 900 had any college enrollment. Table 2 lists counties with the highest enrollment to population ratios in 2004.
A number of more rural counties were too small to support music stores, colleges, or even traditional schools. The hypotheses outlined above would not apply to these counties.
Therefore, the sample is constrained to counties with average population from 1994 to 2004 above 25,000 eliminating 1,408 counties from the analysis. Another 58 counties were eliminated because they were missing music store data for more than six years. Tables 3 and 4 (including Best Buy and Circuit City). In the methodology described above, year dummy variables are meant to capture these secular trends.
V. Results
The main estimation results are presented in Table 5 . Regressors of interest are added incrementally from left to right. The first column indicates that, controlling for county and year fixed effects, larger populations are significantly associated with more music stores. This effect is consistent across specifications with a population elasticity of between 0.42 and 0.47. A scale elasticity of one would be expected if store sizes remained constant. That they are less than one suggests that stores are larger in more populated areas suggesting that stores are typically constrained by demand from reaching their minimum efficient scale.
The second column suggests that the E-Rate led to a reduction in the number of music stores. Specifically, it indicates that E-Rate subsidies from the previous two years decrease the number of music stores in the current year. Across columns two through four in this table the sum of the lagged effects is about -0.0034 and is almost always significant at the one percent level. While significant and of the hypothesized sign, this effect is not large. Since the E-Rate was instituted in 1998, the average subsidy came to about $8 per person for the counties in the sample. The parameter estimates suggest that this reduced the number of music stores by an average 7.0%. When one considers that the effect of these subsidies on the intended educational outcomes was small, a finding consistent with unintended illicit behavior is even more remarkable.
The third column suggests that areas with colleges may have led to faster closings of music stores. The results suggest that areas with a larger fraction of its population enrolled in college did not have significantly more music stores. This is likely because the fraction in college does not vary much over time leading the direct effect is captured by the county fixed effect. However, the interaction between the fraction enrolled in college with a time trend is negative and highly significant. Relative to areas with college enrollment averaged 8.4% of their population in college. The parameter estimates indicate that the average county with a college had 3.0% fewer music stores 2004 relative to a similar county with no colleges. While only about half of the sample counties had colleges, these counties had considerably more music stores. Consequently, these estimates indicate that colleges led to an overall 2.6% reduction in the number of music stores. The final column indicates that this last result is not due to college enrollees being "young." Table 6 applies the specification to music stores of different sizes. The County Business
Pattern data allow one to classify size by the number of employees at the establishment.
However, when stores are diaggregated by size, the data exhibit more "empty cells." For example, while about half of the sample observations include a music store with 1-4 employees, only about 6% of the sample observations include a music store with more than 50 employees.
Consequently, the effects found in table 5 are not as strongly indicated here. For example, the negative effect of the E-Rate is only found in the third size category. The negative effect of the interaction of college enrollment with time is only present in the two smaller size categories, but is positive for the largest size category.
V. Conclusion
The analysis above indicates that the US education policy of encouraging Internet in education has also encouraged illicit file-sharing of copyrighted music. This is true at the college level and, to a greater extent, at the high school level. Between 1994 and 2004 , the number of music stores in the average county in the sample fell by about 30%. My estimates account for about a 9.6% reduction in the number of music stores. The remaining two-thirds of the decline could simply reflect consumer preferences for other legitimate retail outlets for music or could include the effects of unmeasured illicit file-sharing. While the number of music stores may have declined by 9.6% due to the Internet in education, the percent decline in music sales is likely smaller because it appears that smaller stores were affected more. Still, the effects on the music industry represent relatively large unintended consequences of this policy. They may soon have negative consequences for the movie and video entertainment industry. One irony is that there is scant evidence that the intended consequence, enhanced educational attainment, has been achieved. 
